Abstract. p53 is a tumor suppressor gene and plays important roles in the etiology of breast cancer. Studies have produced conflicting results concerning the role of p53 codon 72 polymorphism (G>C) on the risk of breast cancer; therefore, a meta-analysis was performed to estimate the association between the p53 codon 72 polymorphism and breast cancer. Screening of the PubMed database was conducted to identify relevant studies. Studies containing available genotype frequencies of the p53 codon 72 polymorphism were selected and a pooled odds ratio (OR) with 95% confidence interval (CI) was used to assess the association. Sixty-one published studies, including 28,539 breast cancer patients and 32,788 controls were identified. The results suggest that variant genotypes are not associated with breast cancer risk (Pro/Pro + Arg/Pro vs. Arg/Arg: OR=1.016, 95% CI=0.931-1.11, P=0.722). The symmetric funnel plot, Egger's test (P=0.506) and Begg's test (P=0.921) were all suggestive of the lack of publication bias. This meta-analysis suggests that the p53 codon 72 Pro/Pro + Arg/Pro genotypes are not associated with an increased risk of breast cancer. To validate the association between the p53 codon 72 polymorphism and breast cancer, further studies with larger numbers of participants worldwide are required.
Introduction
Breast cancer is one of the most common cancers affecting the morbidity and mortality of females worldwide (1) . While numerous risk factors for breast cancer have been identified, including genetic predisposition and estrogen level, the molecular mechanisms related to breast carcinogenesis remain under analysis (2, 3) . Previous studies have shown alterations in cell cycle regulatory proteins in breast carcinoma, including the overexpression and increase of the cyclin genes, inactivation and deletions of the Rb gene and alterations of the p53 gene (4) (5) (6) . Therefore, this disease is a result of collective alterations of oncogenes and tumor suppressor genes. It is well-known that p53, the guardian of the genome, is a stress response protein. p53 functions mainly as a tetramer transcription factor that regulates a large number of genes in response to various stresses, including ontogeny activation and DNA damage (7) . p53 is involved in the pro-survival response of cell cycle arrest and DNA damage repair, as well as the pro-death response of apoptosis (8) . In the case of a mutation occurring in the p53 gene, p53 may not only lose its normal functions, but also gain new abilities that promote tumorigenesis (9) . p53 is the most frequently mutated gene in human tumors; >50% of tumors harbor mutations in the p53 gene (10) . Besides its role as a tumor suppressor gene, aberrant p53 expression may play a significant role in regulating angiogenesis (11, 12) . Chromosomal aberrations and p53 protein abnormalities may be involved in malignant transformation of endometriosis in the ovary (13) .
The p53 tumor suppressor gene contains 11 exons, located on chromosome 17p13. The codon 72 polymorphism (rs1042522) is located in exon 4 with a CGC to CCC transition, leading to an arginine to proline amino acid substitution in amino acid position 72 (Arg72Pro). Studies have reported that the codon 72 polymorphism is associated with a risk for the development of cancer (14) . The two polymorphic variants have been shown to have not only structural differences, as reflected by distinct electrophoresis patterns of migration, but also different biological properties (15, 16) . A number of casecontrol studies have been conducted to explore the correlation between the p53 codon 72 polymorphism and breast cancer risk in humans. However, the results are inconsistent. Another problem is that these published studies have only modest sample sizes, which limits their significance. By performing a meta-analysis, a prevailing method for the quantitative summary of different results, the data may be assessed and the sample size increased to a reasonable level. In the present study, a meta-analysis was conducted to quantitatively assess the effect of the p53 codon 72 polymorphism on the risk of breast cancer. p53 codon 72 polymorphism and breast cancer risk: A meta-analysis Table I . Distribution of the p53 codon 72 polymorphism for cases and controls. 
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Materials and methods
Publication search. PubMed was searched using the terms 'p53', 'polymorphism' and 'breast cancer' (the last search update was on May 1, 2012). The search was limited to English-language papers. Additional studies were identified by a manual search of the references of original studies. Of the studies with the same or overlapping data published by the same investigators, the most recent ones with the largest number of subjects were selected. Case-control studies containing available genotype frequencies of Arg72Pro were selected.
Statistical analysis. For the control group of each study, the allelic occurrence was considered and the observed genotype frequencies of the p53 codon 72 polymorphism were assessed Table I continued. for Hardy-Weinberg equilibrium using the χ 2 test. The power of the correlation between the p53 codon 72 polymorphism and breast cancer risk was assessed by odds ratios (ORs) with 95% confidence intervals (CIs). The risks of breast cancer for the GC and CC genotypes, relative to the wild-type GG homozygote were assessed; then, the risks of breast cancer for GC/CC vs. GG and CC vs. GC/GG, and finally the supercilious dominant and recessive effects of the variant C allele were determined. Stratified analyses according to background, the source of controls and clinicopathological individuality were also performed. In considering the possibility of heterogeneity across the studies, an arithmetical test for heterogeneity was performed based on the Q-test. P<0.05 for the Q-test was considered to indicate a lack of heterogeneity among the studies. The summary OR estimate of each study was calculated by the random effects model (17, 18) . The potential for publication bias was examined by Begg's test and Egger's linear regression test. P<0.05 was considered to indicate a statistically significant difference (19) . All statistical analyses were performed with Stata software (version 9.0; Stata Corporation, College Station, TX, USA).
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Results
Sixty-one case-control studies concerning the association between p53 codon 72 polymorphism and breast cancer were identified, which included 28,539 breast cancer cases and 32,788 controls. These data were used in a meta-analysis (Table I ). The sharing of genotypes in the controls of all the studies was in agreement with Hardy-Weinberg equilibrium.
The results of the association between the p53 codon 72 polymorphism and breast cancer and the heterogeneity test are shown in Table II 
Discussion
Given the important roles of p53 in multiple cellular functions, including gene transcription, DNA repair and apoptosis, it is biologically plausible that p53 polymorphisms may be associated with a risk of breast cancer (20) . Human breast cancer is a disease with significant clinical consequences. The mechanism of breast cancer remains relatively unknown. Single nucleotide polymorphisms (SNPs) are used as a tool to investigate genetic variations and disease susceptibility.
Although a number of previous studies have reported a significant association between the p53 codon 72 polymorphism and breast cancer risk (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) (31) (32) (33) (34) , others have identified no such association (35) (36) (37) (38) (39) . In order to resolve this conflict, in the current study, a meta-analysis was conducted to examine the association between a commonly studied p53 polymorphism (codon 72 G<C, Arg72Pro) and breast cancer risk. A total of 28,539 breast cancer cases and 32,788 controls from 61 studies were included in the final analysis, to derive a more precise estimation of the presence or absence of this association. The polymorphism in codon 72 of the p53 gene was identified to have no association with breast cancer risk, either when the incorporated study populations were pooled or when they were subjected to a stratified analysis consistent with background or the source of controls. The latter result suggests that differences in genetic education, living environment and sources of controls do not impact any potential association between the p53 codon 72 polymorphism and breast cancer risk. Two assets of the current study were the large number of samples included and its failure to identify a significant association in any of the genetic models tested. Nevertheless, several limitations must be acknowledged. The controls in the studies were not homogenously defined, such that the control subjects in the different studies have varying risks of evolving breast cancer. Additionally, the results obtained in the present study are based on unadjusted estimations. A more accurate analysis could be conducted if more detailed individual data were available to allow it to be adjusted according to other covariates, including premenopause, postmenopause, smoking and drinking status, basal metabolic index, family history and environmental factors.
In conclusion, this meta-analysis, with a large model size, provides a strong indication that the p53 codon 72 polymorphism is not associated with breast cancer risk. Future studies should extend this investigation by incorporating other potential risk factors for breast cancer.
